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Pollen of the white birch (Betula verrucosa) is one of the 
main causes of Type I allergic reactions (allergic rhino- 
conjunctivitis, allergic bronchial asthma) in Middle and 
Northern Europe, North America and the USSR. Type 
I allergies are a major threat to public health in these 
countries, since 10-15% of the population suffer from 
these diseases. Betvl, an allergenic protein with an Mr 
of 17 kd is a constituent of the pollen of white birch and 
is responsible for IgE binding in more than 95% of birch 
pollen allergic patients. Here, we report the complete 
nucleotide sequence and deduced amino add sequence 
f a cDNA 4$ne ceding for the major pollen allergen 
(Betvl) of white bunch. It is similar to the N4erminal pep- 
tide sequences of the allergens of hazel, alder and horn- 
beam (close relatives) but it has no significant sequence 
homology to any other known allergens. However, it 
shows 55% sequence identity with a pea disease resistance 
response gene, indicating that Betvl may be involved in . 
pathogen resistance of pollen. 

Key words: allergy/immunology/Be/MZa verrucosafdlseasc , 
resistance/sequence , r. 



Introduction 

Around 10-15% of the population in developed countries 
suffer from IgE-mediated 'atopic' diseases (Type I allergies) , 
such as allergic rhinitis/rhinoconjunctivitis and bronchial \ 
asthma of allergic origin (Kaplan, 1985). Pollen of grasses, 
trees and weeds, spores of moulds as well as other airborn 
particles such, as faeces from mites and dander from pets 
and other domestic animals serve as a source of allergenic 
proteins (Marsh et aL, 1986). They trigger release of 
inflammatory mediators (histamine, arachidonic acid 
metabolites and others) from mast cells and basophilic 
leukocytes through cross-linking of IgE bound to the cell 
surface via Fee receptors (Kaplan, 1985). At present, it is 
not well understood what contributes to the dystegulation . 
of the immune system leading to enhanced IgE-synthesis 
which is characteristic for atopic patients. 

Highly purified allergens facilitate an accurate diagnosis 
by in vivo (skin-prick tests) and in vitro tests (radioimmuno- 
assays or enzyme-linked immunosorbent assays). The 



treatment of Type I allergies also requires exactly defined 
allergen solutions for hyposensitization (Creticos and 
Norman, 1987). 

A number of attempts have been made to purify and 
characterize allergenic molecules by standard biochemical 
techniques (Mole et a/. , 1975; Ipsen and Loewenstein, 1983; 
Letterman and Ohman, 1984: Chapman etaL, 1988; Klapper 
et aL, 1988). The purification of the allergens. allowed 
determination of several partial N-terminal sequences, and 
two complete protein sequences (AmbaV: Mole etdl. 1975; 
Amballl: Klapper et aL , 1988). Recently, a cDNA cloning 
technique was successful in the case of DerpI, one of the 
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Fig. 1. Nucleotide sequence of the cDNA insert of the Betvl clone. 
Lower case letters, vector DN A including £c»RI linkers; boid face 
italic DNA sequences, the consensus surrounding the start AUG; bold, 
face, the polyadenylation signal, underlined sequences, £coRI sites. 
Below the DNA sequence: bold face italics, N^rminal sequence of 
Betvl as determined by Edman degradation; underlined, the single 
glycosylation site cf Betvl. Numbers indicate nucleotides (above) and 
amino acid residues (below) of the sequence. 
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Sequence comparisons 

Comparing our seqi^nce of W with orhpr^ " - 
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Structure predictions 

A computer aided prediction of antigenic sites with the 
protein sequence of Betvl showed possible epitopes for 
antibody binding near residues 10, 30, 50, 1 10, 120 and 155 
(Figure 4). The predictions based on two methods (Gamier 
et al , 1978; Wolf et al , 1988) are in reasonable agreement. 

Discussion 

The first 35 amino acids of the sequence of Betvl as obtained 
by us and others (Ipsen and Hansen, 1987) are identical with 
the respective protein sequence deduced from the complete 
cDNA sequence (Figure 1). There is indirect but suggestive 
evidence that the rest of the ORF coding for Betvl is also 
correct; The total length of the ORF (159 amino acids) and 
its calculated M r of 17.420 kd correlates very well with the 
observed M r as determined by SDS-PAGE and gel 
chromatography (Ipsen and Loewenstein, 1983; Jarolim et 
al., 1989b). Furthermore, most of the C-termirtal half of 
the Betvl sequence has been determined by sequencing both 
DNA strands. 

Comparing the six bases preceding and the base following 
the start AUG of Betvl with consensus sequences of 
eukaryotic protein coding genes (Lutcke et al , 1987) shows 
that our sequence is nearly identical (only one mismatch out 
of 10 bp) with the animal consensus sequence and surpris- 
ingly bears little resemblance to the plant consensus. The 
presence of the start AUG codon in its canonical surroun- 
dings shows that the clone is complete in its 5'-end and that 
the N-terminus of the protein is not subject to post- 
translational processing. * 

The sequenceof Betvl is homologous with other known 
partial sequences from^he N-terminus (-40 amino acids) 
of the allergens of alder, hazel and hornbeam (Borch et al. , 
1987). This reflects the taxonomic relationship between these * 
tree species (order Fagales). The predicted first two epitopes 
of Betvl are in the region of strong homology between birch 
and the N-terminal hazel and alder pollen allergen sequences. ; 
It will be of particular interest to compare the results of the 
predictions with the results of the epitope mapping 
experiments presently in progress. 

Betvl shows weak but significant homology to the protein 
sequence of yeast QH2: cytochrome c oxidoreductase, a 
component of the inner mitochondrial membrane (Figure 2). 
The homology of Betv r to a pea disease resistance response 
gene (149) is much more pronounced, although pea 
(Fabaceae) is quite unrelated to birch (Betulaceae) (Figure 
3). Both, Betvl and 149 are members of families of struc- 
turally closely related genes. It is not unlikely, in our view, 
that BeVvt fulfills a function similar to gene 749 of pea which 
is induced in pea pods upon contact with the plant pathogens 
Fusorium soloni f.sp. pisi (a fungus) and Pseudomonos 
syringoe pv. pisi (a bacterium), respectively (Fristensky et 
al. , 1988). However, it is unknown at present whether the 
/ 49 gene product is directly active in plant defence against 
Fusarium or Pseudomonas et ai y 1989), Experiments 
are in progress in our laboratory to investigate a possible 
antifungal or antibacterial activity of purified Betvl protein. 
A pathogen defense function of Betvl would be in accordance 
with our recent results showing that Betvl and its mRNA 
are found in several somatic tissues of white birch. Betvl 
is present in pollen and also in low concentration in leaves. 
The mRNA for Betvl was not only found in pollen and 
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leaves, but also in male and female influoresoenoes and 
phytohormoneKiependent plant tissue culture (K.Pttteiiburar 
et al , m preparation). 

The coding sequence shows a single consensus site for JV- 
glycosylate at codon 83. We are presently tiying to 
chemically analyse ihe sugars bound to the Wmotein 
punft^ by standard methods. In fto, h^ 
the sugar residues do not constitute epitopes recognized by 
patients; IgE, since Betvl synthesized in vitro from poQen 
mRN A is My reactive with JgE from patients alkmcto ferdi 
poUen(BreitenedertfoJl, 1988). In addition, as described 
in tins paper, the 0-galactosidase-B#v/ fusion protein (that 
is also not glycosylated) synthesized in Escherichia coti is also 
reactive with patients IgE. 

As concluded from genomic Southern blots, Betvl tmy be 
encoded by a small gene family (data not showi). This obser- 
vation is in accordance with data from immiinoblotting ex- 
periments after two-dimensional PAGE of Aft?/ purified by 
immuiwafiinity 

IgE4>iiKlingisoaUergens(Jarota 1986b) that obviously 
all shared the same N-terminal amino acid sequence since Ed- 
man degradation of the mixt^ 
homogenous peaks for each determined amino acid. 

Cloning of genes coding for allergens and detenamation 
of the gene sequences seems a pr sequisite for answering basic 
questions regarding pathogenesis of Type I allergies. 
Knowledge of these sequences seems necessary for 
investigating the major theoretical problems of characterizing 
the epitopes recognized by T and B lymphocytes, respectively, 
which are responsible for the enhanced IgE response in atopic 
patients. 

Epitope mapping can-be done by a number of techniques, 
but preferentially by testing the reactivity of short recombinant 
or synthetic peptides, derived from the sequence. 

Exact testing of patients' sera is necessary for a reliable 
diagnosis and successful treatment (hyposensitization) of the 
disease: Some cases of umucx^ftil unmuiwtherapy may be 
due to the absence of the specific allergens to which the pa- 
tient is most responsive from solutions used for testing and 
hyposensitization. This can best be helped by producing stan- 
dardized allergens by recombinant DNA techniques. 

Knowing a short but fully reactive monovalent peptide * 
sequence out of the total sequence of the allergen mights 
to a radically hew form of therapy. Such a monovalent peptide 
might competitively block IgE bound to mast cells' IgE-Fce 
receptors and, thus, prevent their cross-linking arid subsequent 
mediator release. 



Materials and methods 

PofyiA)* mRNA isolation ami cDNA dotting . 

Total pollen RNA was extracted from 500 mg mature birch poUcn (Allergen 

AB, Engdhobn, Swecfen) (Mfficai^^ 

tron microscopic techniques showed that the poUen was of the spm 
/wmw and free of contaminations. Pbly(A) + RNA was isolated by binding 
to oligo(<m-celhilose (Sigma, St Louis, MO) (Ausube) et at, 1987a). A 
cDNA-symhesis- and a cDNA-cJoning-kit (Anieidiam Im., Uttfe Chatfont, 
England) were used according to the manufacturers r ecot ni ncn da Uons. 

Screening of the cDN A expression ftomry In bacteriophage 
\gt11 

Plaques (0.5 x lOfy were immunoJogically screened tor the expression of 
flerv/usingthesenxmofabiic^ 

for case history, positive skin-prick test and positive racuWIergosorberM test 
and had not undergone any hyposensitization treatment. Ininvnobiotting ex- 
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perimems showed that IgE of this serum react/* exclusively with u> R™i 

Jftrf onto mtrooHlubse filters (Schleicher and SchueU. 
Aefilterswashedtwice in 30 ml of buffer (50 mM Na^ate dH7^ 
0.5% wy Twwo 20, 0.5* bovine serum albumin <&AUm%twlt 
for 5 mm ^remove pieces of agar and men aga* rZbZ VSb^ 
Mn^Nock remjjWng binding sites on ite^Tl^^ 

KSSS ^1"^, "2" "» 30 - <* buff^and itKd 
wnn WateUed ant-human IgE (Pharmacia Dfeinnostics AR nn~J7 

aitt^lZTfii ^ dned - and P 05 "** *■« ^ detected by 
ONA preparation 

L ^uelaaaal cells minted win the nxondanant tall date were on™ 

dh t^I^L^T 1 * phosphate buflfer » "** nS 

Subclonlng of the \gt11 Inserts 

IM^DNA^^ T """^ ctaung (as seen in Figure 
' SsS^tSSi^ <^ was c„t with A^ril and Sad releasing ai8 

XLMa£ ?L?^E ^ D| ego. CA) and used to transform 
XLJ-Blue (Stratagene). This suocSok was designated pBV I. 

Soquendng of the cDNA btaert 

w^^L^T ^" ng averse transcriptase. The labelled DNA 
^J^^** ** «hns yielding two labeUedfagmetnHttch were 
K^SS^ 1 " 15 ? 48 P"*™*" "f MaxamTSbeT l^T 

moduTed chain terminating method (Zaguriky m^FflST^ * 
Genomic Southern biota 
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